In 2016, scientists reported that human exposure to low doses of ionizing radiation (CT scans of the brain) might relieve symptoms of both Alzheimer's disease (AD) and Parkinson disease (PD). The findings were unbelievable for those who were not familiar with neurohormesis. X-ray stimulation of the patient's adaptive protection systems against neurodegenerative diseases was the mechanism proposed by those authors. Now, some more recent studies performed in the field of neurobiological research confirm that low levels of stress can produce protective responses against the pathogenic processes. This paper outlines possible protective consequences of LDR in preventing the pathogenesis of AD through mechanisms such as restoring the myelin sheath and preventing neurodegeneration caused by oxidative stress. Focal demyelination is frequently reported in the proximity of beta-amyloid plaques within neocortex. Extracellular accumulation of amyloid is among well-characterized pathological changes in AD. It should be noted that LDR has been shown to contribute to the regeneration and functional recovery after transverse peripheral nerve injury (through inducing increased production of VEGF and GAP-43), which advances both the axonal regeneration and myelination. Another mechanism which is possibly involved is preventing neurodegeneration caused by oxidative stress. While high doses can induce reactive oxygen species (ROS) formation, oxidative stress and neuro-inflammation, substantial evidence now indicates that LDR can mitigate tissue damage through antioxidant defenses. Although adult neurogenesis has been reported to be beneficial for the regeneration of nervous system, some studies demonstrate that neurogenesis increases in AD brains. In spite of these reports, cellular therapy is introduced as a promising strategy for AD, and hence, LDR can affect the proliferation and differentiation of neural stem cells. Although such mechanisms are not fully known yet, it is hoped that this paper would foster further investigation into the mechanisms of this phenomenon, which accordingly improves human health.
Introduction
T he size and information processing capabilities of the human brain are exceptional [1] . Alzheimer's disease (AD) is an agerelated progressive neurodegenerative disorder that causes high levels of suffering without existing or sufficient treatment [2] . Approximately 70% of dementia cases are attributed to AD [3] . As an age-related disorder, AD is characterized by progressive cognitive decline and dementia [4] . It has been predicted that by 2025, the number of people with neurodegenerative diseases in developed countries will increase Short Communication www.jbpe.org by several hundred percents compared to 1980 [5] . Although AD is the most common cause of dementia, its intricate pathogenic mechanisms are not fully known. Moreover, effective treatment methods are still in progress [2] . DNA repair and other natural body processes, including the human immune system, provide a robust means to protect the body from a range of agents. These processes have the potential to facilitate the repair of the damage caused by low-dose ionizing radiation, and these same processes have potential therapeutic effects to repair the damage caused by Alzheimer's disease. An instance of this effect is exhibited by the use of low-dose radiation to treat Alzheimer's disease and the associated improvement in the patient's quality of life.
The role of exposure to low-dose radiation to save the life of a patient with advanced Alzheimer's disease has been previously reported [6, 7] . The patient received 5 computed tomography brain scans (dose of about 40 mGy each) over a period of 3 months. The improvement appears to be due to radiation-induced stimulation of the adaptive protection systems. The treatments appears to have partially restored cognition, memory, speech, movement and appetite. Although considered as a limited study. The case report is another example of the positive effects of low-dose radiation in treating the disease.
Repair mechanisms triggered by LDR via adaptive response mechanism can be recast in more qualitative terms as physical or metabolic processes. Physical mechanisms include molecular repair of cellular structures including DNA; removal of the damaged cells by apoptosis, necrosis and phagocytosis; cell differentiation and senescence; and response of the immune system to facilitate removal of damaged cells. In the case Alzheimer's disease, these mechanisms combat biological damage caused by the disease. Repair mechanisms enhanced by LDR provide a mechanism for the effects observed by Cutler et al. [6, 7] . The effects appear to be sustainable with additional CT scans with a noted improvement and reversal of the effects of the disease. These observations suggest that LDR triggers a mechanism for the relief of the Alzheimer's condition and partial repair of the associated damage. Potential mechanisms behind neurohormesis are not yet fully known; however, we hope that this paper would foster further investigation into the mechanisms of this phenomenon to improve human health.
Possible Mechanisms behind Neurohormesis
Due to the global phenomenon of population aging, the rate of age-related neurodegenerative diseases is drastically on the increase in both developed and developing countries. Among the elderly, Alzheimer's disease is the most common neurodegenerative disorder [8] . In this light, finding effective methods for preventing the pathogenesis of AD is of great significance. The role of non-ionizing radiofrequency radiation in protecting against cognitive impairment in Alzheimer's disease has been addressed previously [9, 10] . It has been revealed that long-term mobile phone users (> 10 years) had a 30-40% lower risk of hospitalization because of AD and vascular dementia [11] . Moreover, Arendash et al. have stressed that the drugs which are currently available only treat/mask AD symptoms for a short time. Therefore, they suggested that high-frequency electromagnetic fields (EMF) could be used as a safe, non-pharmaceutical approach to treat AD [12] [13] [14] . Subsequently, although the effect on non-ionizing radiation on AD is well documented, the reports published on the effects of ionizing radiation are very scarce. In this section, we explore three possible mechanisms (see Figure 1) behind the protective role of LDR in preventing the pathogenesis of AD .
A. Restoring Myelin Sheath
Focal demyelination is frequently reported in the proximity of beta-amyloid plaques within the neocortex [15] . Extracellular accumulation of amyloid is among well-characterized
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Alzheimer's Disease and LDR Neurohormesis pathological changes in AD [16] . While high doses of ionizing radiation can induce demyelination (starting from demyelination of isolated nerve fibers, increasing in severity to hemorrhagic malacia) [17] , exposure to lowdose radiation has been shown to contribute to the regeneration and functional recovery after transverse peripheral nerve injury (through inducing increased production of VEGF and GAP-43), which advances both the axonal regeneration and myelination [18] .
B. Preventing Neurodegeneration Caused by Oxidative Stress
Another mechanism, which is possibly involved, is preventing neurodegeneration caused by oxidative stress. It should be noted that oxidative stress is a pathological hallmark of neurodegenerative tauopathic diseases (e.g. AD and PD) [19] . While high doses can induce reactive oxygen species (ROS) formation, oxidative stress and neuroinflammation, substantial evidence now indicates that LDR can mitigate tissue damage through antioxidant defenses [20] .
C. Enhanced Ault Neurogenesis
Recent studies demonstrate that electromagnetic radiation (non-ionizing radiofrequency part of the electromagnetic spectrum) can alter the proliferation and differentiation of stem cells [21, 22] . The effect of low doses of ionizing radiation (10-100 mGy) on neural differentiation is also studied [23] . Although adult neurogenesis has been reported to be beneficial for regeneration of the nervous system [24] , some studies show neurogenesis increases in AD brains [25] . Along with this evidence, cellular therapy has been introduced as a promising strategy for AD, and hence, LDR can affect the proliferation and differentiation of neural stem cells. It is worth noting that throughout life, in the adult brain of humans and other mammals, new neurons are continuously being generated. The dentate gyrus (DG) of the hippocampus and the subventricular zone (SVZ) of the lateral ventricle are two brain areas with neurogenic capacity. Reportedly, factors such as aging and neurodegenerative diseases such as AD and HD can decrease the neurogenic capacity of DG. Accordingly, it can be hypothesized that low-dose radiation can restore the neurogenic capacity of DG. 
